ABSTRACT Peanut protein is severely limiting in threonine and has been used to create threonine deficiency in animals. The availability of purified threonine at low cost raises the possibility of economically using peanut meal (PNM) and threonine combinations in poultry diets. An experiment was conducted to compare corn and PNM based diets to corn and soybean meal (SBM) based diets at three protein levels (16, 18.5, and 21%) in diets for 22-to-34-wk-old commercial Leghorns. Birds were housed two per cage with four cages per replicate and six replicates per treatment. Feed consumption, egg production, and feed per dozen eggs were almost identical for PNM (93.8 g/hen per d, 92.2 eggs per 100 hens/d, and 1.22
INTRODUCTION
concluded "The use of peanut meal in feeding poultry has proved satisfactory, economical, and efficient. It furnishes protein of vegetable origin of the highest quality and is palatable and entirely satisfactory when used properly. This holds not only for body growth and maintenance, but also for egg production." In early studies with expeller processed peanut meal (PNM), PNM protein had to be balanced with animal by-products such as meat scraps, skim milk, or buttermilk to achieve the best performance. Driggers and Tarver (1958) demonstrated that PNM could replace half the soybean meal (SBM) in broiler diets if lysine or fishmeal was also added to the diet. Douglas and Harms (1959) confirmed that lysine is the first limiting amino acid in corn and PNM broiler diets, and Waldroup and Harms (1963) demonstrated that methionine and tryptophan are next limiting. Rangel-Lugo et al. (1994) used a 20% protein, wheat-and-PNM-based To whom correspondence should be addressed: gpesti@uga.edu. 1274 kg/dozen) and SBM (93.7 g/hen per d, 92.2 eggs per 100 hens/d, and 1.22 kg/dozen). Dietary protein level had no consistent effect on any of these parameters but did significantly improve body weight gains and egg weights (1.2 to 2.5 g/egg). PNM-fed hens laid slightly smaller eggs during the first 6 wk (P < 0.05), but there were no egg size differences during the last 6 wk of the experiment (P > 0.14). PNM-fed hens laid eggs with better interior quality at 26 and 30 wk of age. After 2 wk of storage, Haugh units remained better for eggs from hens fed PNM than SBM when kept refrigerated (4°C; P < 0.05) or at room temperature (20°C; P < 0.10). Egg specific gravity was slightly lower for hens fed PNM. It is concluded that PNM is an excellent ingredient for laying hen diets. diet and a 25% protein, corn, and SBM-based diet, both supplemented with crystalline amino acids to produce threonine deficiency in broilers. Robbins (1987) fed broilers a PNM and cornstarchbased diet supplemented with L-lysine, L-tryptophan, DL-methionine, L-isoleucine, and L-valine to produce a threonine deficiency. produced threonine deficiency in broilers with a sorghum and PNM-based diet supplemented with methionine and lysine, and Kidd et al. (1998) and Kidd et al. (1999) used corn and PNM-based diets to produce threonine deficiency in turkeys and broilers, respectively.
In contrast, no response to threonine was observed in chicks fed a sorghum, PNM, corn gluten meal, and poultry meal based diet supplemented with L-lysine and DLmethionine in young (1 to 18 d) broilers. PNM has also been used to successfully study methionine deficiency in broilers (Thomas et al., 1991; Baker et al., 1996; Emmert et al., 1996) .
The two major nutritional concerns with feeding PNM to poultry have been 1) its low level of threonine (because purified methionine and lysine have been available at affordable prices for some time) and 2) its vitamin content (Ogunmodede, 1981; Oloyo and Ogunmodede, 1998) . The major non-nutritional concern about feeding Abbreviation Key: PNM = peanut meal; SBM = soybean meal. Etheridge et al., 1998. 5 Degussa Corporation, Allendale, NJ.
PNM has been its aflatoxin content: peanuts with evidence of mold may not be sold for human consumption but are crushed for oil and meal production (Dehuri et al, 1994; Samuel et al., 2002; Thirumala-Devi et al., 2002) . Aflatoxicosis is a genuine concern for poultry producers, and aflatoxin levels should be monitored in feed ingredients.
Because the relatively recent introduction of purified threonine at affordable prices for animal production, Costa et al. (2001) demonstrated that broilers fed a diet based on corn and a modern solvent extracted PNM supplemented with methionine, lysine, and threonine performed satisfactorily compared to those fed balanced corn-and SBM-based diets. Indeed, in parts of the world, PNM is the standard protein source against which other ingredients are compared (Cilly et al., 1977; Krishnappa et al., 1979; Offiong, 1980, 1985; Onwudike, 1986; Ologhobo, 1991; Aletor and Olonimoyo, 1992; Ra-3 Hy-Line Intrenational, West Des Moines, IA. jashekher et al., 1993; Sharma et al., 1993; Venkataraman et al., 1994; Nagalakshmi et al, 1996; Begum et al., 1997; Donkoh et al., 1999; Adeyemi et al., 2001; Naulia and Singh, 2002) .
The experiment reported here was conducted to test the hypothesis that layers fed corn-and PNM-based diets would perform as well as those fed corn-and SBMbased diets, when adequately supplemented with methionine, lysine, and threonine. The protein sources were compared at three protein levels.
MATERIALS AND METHODS
Hyline W-36 White Leghorn pullets 3 were reared according to the breeder's management guide.
3 When the birds were 21 wk of age, two birds were housed per 30.5 by 40.6 cm wire cage, given feed and water ad libitum, and subjected to 15L:9D per day. Six replicates of four cages each were randomly assigned to each diet. The PNM was guaranteed to have less than 9 µg aflatoxin/ kg. Feeding of the experimental diets began when the Values represent the mean ± standard error of six replicate groups of 8 hens each.
birds were 22 wk of age. The experiment had a 2 × 3 factorial arrangement of treatments with three levels of protein (16, 18.5, and 21%) and two protein sources (SBM and PNM; Table 1 ). Amino acid minimums were kept proportional to dietary protein level. All eggs laid on 2 consecutive d during each 2-wk period were weighed. Egg production and feed consumption were calculated on a hen-day basis. Haugh units, egg specific gravity, and yolk color were measured after 4, 8, and 12 wk of feeding the diets, (using a reflectance spectrophotometer 4 and a Roche Color Fan 5 ). In addition, Haugh units were recorded for eggs collected at 30 wk of age and stored for 14 d at two temperatures (4 and 20°C). The experiment began in June, and minimum temperatures were maintained at 20°C, but the only cooling was by fan ventilation. For analysis, the 12 wk experiment was arbitrarily divided into 4-wk periods. Body weight was measured at the beginning and end of the experiment. The data were subjected to analysis of variance and means were separated by Duncan's new multiple range test when significant treatment effects were found (SAS Institute, 1996) . The experimental unit was the replicate mean.
RESULTS
The chemical analyses of the diets compared favorably with the nutrient values predicted from NRC (1994) ingredient composition tables (Table 1) . Only 3 of 288 hens died during the experiment, and this mortality was not related to dietary treatment. Egg production peaked at 4 Minolta Chroma Meter CR-300, Milolta Corp., Ramsey, NJ. 95.1 ± 0.8% at wk 24 for the corn-and PNM-fed hens and 96.4 ± 0.8% at wk 25 for the corn-and SBM-fed hens. Production remained above 88.8% for all treatment groups through wk 34, and there were no significant differences in egg production detected due to protein source or protein level (Table 2) . Egg mass output results were similar to egg production results.
Significant interactions between protein source and level were observed for feed consumption and BW gain. Hens fed the low protein corn-and PNM-based diet ate the least and had the smallest BW gains, whereas hens fed the high protein corn-and PNM-based diet ate the most and had the largest BW gains. No differences were observed for feed efficiency in terms of feed per egg or per kilogram of eggs produced.
Average egg size was affected by protein source during the first half of the experiment (Table 3) . Protein level was consistently proportional to egg weight with observed differences (P < 0.01) for five of the six times eggs were weighed while the birds were being fed the experimental diets.
Interior egg quality, as indicated by Haugh units, was consistently better for the corn-and PNM-fed hens (P < 0.05) when the hens were 26 and 30, but not 34, wk of age (Table 4 ). The differences in interior quality were still evident after 2 wk of storage. Similar mean differences due to protein source when eggs were held at 4 or 20°C were observed (2.87 vs. 2.74 Haugh units), but because variability was higher in eggs stored at 20°C, significant differences were detected after storage at 4 but not 20°C.
The PNM-fed hens laid eggs with slightly less redness in their yolks than SBM fed hens at 26 and 30 wk of age (P < 0.05; 26, 30, and 34 wk of age (P < 0.05). Increasing dietary protein level (less corn) also decreased the amount of yellowness observed in the yolks at 30 and 34 wk of age (P < 0.05). The differences measured spectrophotometrically were also detected visually using the Roche Color fan when hens were 43 wk of age: Yolks appeared slightly darker with more corn and SBM vs. PNM ( Table   TABLE 4 6). The specific gravity was lower in eggs from PNM fed hens at 26, 30, and 34 wk of age (Table 7) .
DISCUSSION
These results demonstrate that modern solvent extracted PNM can provide the major portion of dietary protein for laying hens when properly supplemented with amino acids. The performance of hens fed the cornand PNM-based diets compared very favorably to those fed the corn-and SBM-based diets. The only reductions in performance due to PNM feeding observed were smaller egg weights during the first 6 wk of the experiment and slightly lower egg specific gravities. But even during the first 6 wk, excellent egg weights could be achieved by feeding higher levels of PNM (and therefore dietary protein).
The differences in specific gravity are difficult to interpret in terms of how they may affect egg breakage in commercial production. The average difference due to feeding PNM was 0.026 g/cm3. Soonicharenqing and Edwards (1988) observed a decline in egg specific gravity from 1.094 to 1.088 g/cm 3 in hens between 24 and 56 wk of age, or 0.0002 g/g per week. Therefore, the difference in specific gravity due to PNM vs. SBM feeding was roughly equivalent to changes observed in [0.026/0.0002 = ] 13 wk of aging. The amounts of calcium and phosphorus in our PNM sample were not carefully measured. The results suggest that the PNM-fed hens needed more calcium or phosphorus, either due to lower mineral levels in the PNM sample fed [compared to NRC (1994) ingredient composition tables] or to increased mineral requirements when PNM was fed. Naulia and Singh (2002) observed similar eggshell qualities from hens fed PNM and SBM, but their diets were based on wheat, 20% rice bran, and no supplemental amino acids or added fat, so it is difficult to make valid comparisons between their study and ours.
Producers can achieve maximum performance levels (hen-day egg production) by feeding 16% protein from PNM or SBM. The choice of an appropriate protein level will be dependent on the cost of feeding higher protein levels and the increased value of the larger eggs that may be produced. The influence of protein level on egg weight is an important area for further research on PNM feeding to laying hens because different genetic strains of layers have different egg size potentials. How each of the commercial laying strains will respond to protein level is not known and must be quantified for protein feeding to be adjusted under various economic conditions. In addition, information on the digestibility of PNM protein may be particularly valuable.
Peanut meal has added value in laying hen diets due to increased egg interior quality. The benefits from increased interior quality include increased consumer acceptance and increased shelf life. These qualities are difficult to assign an economic value to, but certainly have some value. The differences in yolk color due to protein source were slight and not noticeable on casual observation. The small differences observed due to protein level were noticeable on careful observation, but none of the eggs appeared objectionable in any way.
These results with solvent-extracted PNM confirm the conclusion of Edwards and Massey (1941) , who fed expeller-processed products, that PNM "is palatable and entirely satisfactory when used properly." Results from lay- ers, as well as broilers (Costa et al., 2001 ) support the hypothesis that solvent-extracted PNM can be an excellent replacement for SBM in poultry diets. Future studies on the metabolizable energy content, factors affecting eggshell quality, and amino acid composition and availability (digestibility) of modern peanut cultivars may provide valuable information for egg producers.
